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(54) [5zw<D&m ^m^&B<Dfm^& 



(57) BUM 

CBM] HaYtSil!l*r-5«a5t**fflViT. 5 5 0 

^tttcagASrfi 1 ?. 

7tISlO~2 0 0 ppm (£MS) L,fcHflMfi* 

LT, 5 5 Or, 4mm<Dmm$m$:iTl3i?Z.£\Z2: 

jgt* ic*3 vy zmmm omm xzmn-r % £ t #-e 
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jp#Maafe«t oc/ immzi ^o^tiz^K) mis* 

Ji7t*#» LTfiyss ttfc««a* ei»K£JH7t*3W* u 

fiKa*«t «a® fcss? m \z v x i7 ant. 
i»iE*»Ha*JK ©aim ic&its <D®g,<t 
7tm \zm l,t«kp st^isi, 

«7£**«i ut«^$ nfc««*» eisffi t wtixfifa k 

S*©il6ft<t*S)S-r*^li7£*tbTFe, Co, N 

i, Ru, Rh. Pd, Os, Ir. Pt, Cu, Au 

[W3RJS5] »3RJgl71SW3RlI3l;:*5^T, 
ajRIK^C^XSnS^JPlTC^OiiflE**. 1 X 1 0 16at 
oms cm-3~ 5 x l 0 ISatoms cm- 3 T& 

mims] is«Jsi7isit3R«3c*v»T, 

[»:R>S9] »3rai71S««9!3C*v>T. 

tE* A^3gs££M*-r-s> ^ t \z ± -rm>n& £ t 



[fgBjroPMftM] 

[0 0 0 1] 
[0 0 0 2] 

[fi£*W£Sifj] 1/ N 7 > v X * 

(KTTFT® ^»e>tlTV^. IWTFTtt, *S 

[0003] TFT\zmm-zt\z>wm*m#tLx\t.. 

«f tt £ V s 5 RB*«» -5« T F T C9$f ttft ± & 

[0 0 0 4] L-frbft^b, jnrRictsififlrfttt, mm 
fij£**6 0 0tK±©figTl op#p^±©b#w^»^ 

(Dm^^Mizm^t>tl^>=i—->^7 0 5 9#^X 
9 3t:T$>0, *RO^:P«Yk*#* 

[0005] [%bj«#s] e in 
citT. 5 5 or, 4mmm&(D^mmmxm^t^fr 

t£%.Z>Z\i:im'lWLX^Z>. 
[0 0 0 6] ±.te<D&*>temmf35iM (ttfifc*l!jfiT 

[0 0 0 7] LfrL&^e. ±§2©J:'57S:7t3R*^#fls 
[0 0 0 8] BP^, ±IE© = ydr;U«OilSi6<k*ffilfi-r 
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i H«f k . *&affc ^w^mytm wm&sji'p 

[0 0 0 9] z:ydr;H6^S7C5RtL/fc»&l;43 
M8ftK:«fc^Tfrfr^eatt3JfW£fls»U -5-OlSil 

(1) 7 p 7X^MS^ t fcoT--y^;i/^ B ^Ha*m± 

(2) «a»WJ®RSS£te. ^-y^£#AL*:SM^ 

(3) «#ST=y^r;PS:#aKS*Bt±tCfiJa!tUfc* 

[0 0 10] ±E*JSj&>6, /7XvliCJ;^T#A 
S n/c^ -y dr;i/*t±TS(l*W KtRfrE b T V » fc ^ i ^ 5 d 

ictfttg L T V »fc V* n -y tr ) Ifit&tE L T H S t % 5 

* ut, ung^ifi o - v fMtm®\zm^mzfi®. lx 
B^-r^ftis o <m&<D - v wimtt-zwtii. bx 

[0 0 11] #aHJi*&©*ffiia»©*fc:«««©- 

-r * c t **H»Tr»* t^o rasa** *. sfc-r * 
Aft-^y^XT H-tf y>r&*:m^z> z. t &*x. <=>n& 

[0 0 12] 

(1) ^^©*£»J»LTi»AU -e©*£«/NS 

(2) 4Itt©B^*fttt5. 

(3) •rA-fXC?i|ffl-r*Clt*B«tl/fcttStt^* 

[0 0 13] 



[0 0 14] te»^0J»«^«, ^SHaifiBtOD^ElC 

[0 0 15] flfiCDf£BjcD*8j&«> *felta®Sr^'T^S« 
ft ^ ttfiT i&JlTt* 4 jgK W Kjg L T&J# Stilt 

iRiciBafijtfis^-risi, ^ft^^t^att 

•So 

[0 0 16] *5fl!W©«J*S:«ffl-rsc:ttJ;oT^T 

(a) ^S^«7E*iBffitt» ^»«cSC*JW 
b*Satt*±«3S5ie»Ao-t-ro7t3R©S*«kD^<-r* 

££i&«nJllg-C**. 

(b) »«t*aHa*jR^Mt*«a»L/Tv»n«. 
^«7as©*aR^*^w*Afitt. *K*c*tt*^ 
mTtmnms. i- «t t* s * . 

(c) *aK3t*m©iiisc!»«-rs^«5t*^c«s 

afl:^*#'T*c:ttJS:«©T!', ^S#/MS^»®ST 

(d) v^^SfflVJT. aRWK^«7£**#AT*il 
tlC«t?J. ^M7t*€:#ALfc:ffi^e.^JS7t:*S#A 

iBafi!Efi*fTto-r:ii3&*T#*. 

[0017] *aKa*Di±frtta<t&i«is-r*7£«* 

S # 5 d i: \z «t 0 -g" i -5 <h U "5 ^* t <rmji ^ tl . 
[0 0 18] *«5t*S^tr»«E<hLTtt, @tt^«T 

[0 0 19] Mj*iLT--y'5r;i/$:fflVi > Z.<D-v>T)V 

zmmmz-e; s-a-sa^-. = -y v*rMt-&® 

mz\$.9k.it-v>r)V, l|r^)K »K=y^r;k ^ 
^^-y^;U, i£{t:i-y^;k ^t--y^r;k mSl--y^ 

;k saii=y^r;v. i8=yy;k z7^;P7tf;i/7 
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[0 0 2 0] SZt^«7£*Sr&tr»«EibT. Mfi&ft 

Co o 2 l ] ^w*e-«x-y^;usx>y^;wt-&titL 
[0 0 2 2] Sfc^«7t**-&^rS*fc»«t:#Mgtt 

[0 0 2 3] &Jl7r*£LTX-y>r;Um#£ffl^6ji-& 
[0 0 2 4] Eliie'cfcfflli. &m7zm-£&Z>=.y'r))/ 

[0 0 2 5] fr&dftbroiltte. #«7C*ibTXy 
[0 0 2 6] ISftYtS|i!lSr*^«7n*iLT=y^r;U 

35***. 1 0 0 A&TWSH^BMfcJKSirr 

[0 0 2 7] MilT2-lf^AW>lr 

v$-;kz) h;ux>^oia#Mffitt^^^^^<t 

[0 0 2 8] »«I^S**^«7n*©*«, ^CQ^-fiK 

iLT^!C^LT2 OOp pm~ 1 p pm. ffib< 
its 0 p pm~ 1 p pm (SS&JF) i;-r*Jl<t**IIS 

[0 0 2 9] ±IE^»7£*ro»«*C*W*«flEtt. # 

4) #U x l 0 1 6 ~5 x l 0 19 atoms c m- 3 i:;ft-5ck5 



ims (2^-r *>ftffim) TM^nsf/hfflcii 

[0 0 3 0] &JBx*£^fc*»*£8&ttK:» 

[0 0 3 1] i£.1ZZ.<omfifa\zm§hl£&1^f&t>iXliM 

[0 0 3 2] Sfc;i<0«^ffllCttftfifcfiLfc«ttte, & 

Utt O^ft^fS] If, LT V i-S we. 

SIWfTtS. SP*,. xA-f JX£LTCD#tt£=fc Dig 

[0 0 3 3] ^ejC&^Tte. M7tX<tLTry)- 

d«, ^-C0ffifi|fflT^^#M7t«»S^«hLT«. Fe, 
Co, R u, R h. Pd, Os, I r, Pt, Cu, A 

[0 0 3 4] Sfc, #JS7C^ro#A^ft«. 7Mm*7 

[0035] **fflc«k-3Tf§e.n3ttSfttta*K£ffl 

^-SCltCioT, PN, PI. N I f ©i©f tWS 

#*4>fc< t fe i ow-rssttfRift^fliiiJE-rs^aMt^t 

(S, IIh7>yZ^ (TFT) . y-f^-h*. 

[0 0 3 6] 
[^M#iJ] 

mmm 1 ] 

[0 0 3 7] *H»JT(i. jl6iirfk*S!j4-r*&B7C* 
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2« 1 0 OmmX 1 0 Omm<tt«. 

[0038] sr, ^iKaii^y^x^cvD^ 

L PCVDSl:i^T^IS3il4 1 0 0 A~ 1 5 0 

0 A©f? ^ICjftKT-S. ^XVCVDftlC 
i^T^SSa^Ml 2^ 1 0 0 0 AwJSSKfiJaJtT 
S. (Bl (A) ) 

[0 0 3 9] -MX, im&tfS&*Yfc»l*13l»JRfe<fc 
»J=7yM«yiSffVJ, *-<OSMKU*tl 3*1 0~5 0 

tULT^^Cilif 5J-C^<, BMIJStl 3 ©ft 
fcOCg&&{bR£^«2i£ffl^ft«&^. d© 

oAss-pastaM-en*. ^dTttm*^ia^.4 3 T 

fi. «*#HSl+ l:*HTUV&5 #nrjJH9tT* ItC 
*^>Tfr3. uOtftil3©MMiLTIl *Mft 

[0 0 4 0] d©BMkfltl 3tt, ^*©--y>^;^?:-g•^fc 

icB£»iK»**ffStte-ff*fc«>, EP^?f:fTi±©&«© 

ftOt>OT*4. #H«S»J8t©:SM(Cii:&P 
[0 0 4 1] 

T*. ^ LT I 1 2_h©& 
fcBtl 3©tIC2m 1HTFU HOttHS* 5flflfl«JS 
"TS. ^l/>TXt:> K^-f (2 0 0 0 

rpra, 6 0S» *ff-5. (Hi (C) . (D) ) 
[0 0 4 2] Bffift»««PC*JtS^y^r;i/0»iett. 1 
p pnai^KIJl 0 p v>m&±T?$>tltf&:mz13. 
*. Sfc, MibT2 -x^;i^*-SJ->K:2y$r;U© 

[0 0 4 3] ufflry^MfffliflS^- ltUHS 
^ISff^^Cltl'iD. XK>K5^«©#JMIS3UR 

1 2fiD«iiiC»AHR5A©JF^©«liS*^r-r*-ydr 

;i/*-g-trS*^T-5 31i:^T#S. il©lf 

CI 35:43. d©» 

<h^?©te, TcittiMiZte-oT^Z tl<t$i>bt<Z^\ Z\<D 

[0 0 4 4] _t*E**©»flj©«, 5 ^IW-C-OttlRSrft 



Jilfflt 1 2 * S n* - y tr)HDm& £*J»TS d t Ifi 
TSS*'. fcfcifcSfcftJPE^ttJgS!©*^**. 

[0 0 4 5] -5-UT. MWc^T. £*3S=H&*K: 
*3HT5 5 0£. 4«FW03jlPi^iaS:ff5. 

1 1 ±(-jgfijt3n«i)(iSStt€:«-r*a3(s»Bt 1 2 * 

[0 0 4 6] ±IEW»^MS«4 5 0"C~7 5 0t©S 

fifmsfi< bfcttsttfcsr. ^ssa***<5;T-rs. £ 

fc. 6 0 0^±t-raia&Ri:UTfflVi*^7^*R 

owr»tt©raii*^M<tbTus5. i-^x, Mil 

fite, 4 5 0^6 0 OtCgiTff^ L 
[0 0 4 7] d^TttSD^S^f 5^J**bfc^\ 

Ma (DUfs * (c — tf-ft s Ac \$wt (Dmm zn? 
urn, u-if-yt&fzte^nmtonwzimiBm&fT 

b. ^bCMiisff^^s, v— ?-yt$LTz\myt 
© jhw t mn cjnstsff -3 77 ^ & z. t a«r * 

-5. ddTH-Sai^Maitt. 4 5 0^-7 5 0 

■C, *7XSSffl»$^«t5ftb«4 5 Ot-6 

[0 0 4 8] *HM^JiC43^T«. #HK3£»K±(3:& 

«7C*$r#AT^77te5r«fflbTfcj;^o £©*£•«. 
#l&«3»i8l ©Mft iC^Sjt* b Srffl v » 
T. TflSJK±K^«7C**#Amtf«J:Vi. ^bT. # 

[0049] csim^j 2 ] *mM.M\z. mmm i tc^-r 

T^^&«ktt*«lcWr-5. 1 2 0 0A® 

[0 0 5 0] H 2 (C*H»J('*ltS^X@co«B&* 
^■To Si*, A'7XSS (3-->^7 0 5 9. 1 0 c 
mft) ±Cvx^iS:*Blfl:a*"«2 1 * 1 0 0 0 A£l 
±. ddTtil 2 0 0 AroJS$l05£firr-5. dWKYtS 
«i2 1CDiSl:^m %BJ*l?©§I^IC=fc^<i: 5 
0 0AT?t>WjH**S:^Jli*?inS8bT*0. Btll**»* 

[0 0 5 1] ^b-GffifCD?* hijy/^-->yig 

tc^oT. J 6f.Bfr*/'*^->nM{bi*JK2 l*/-?- 

ooft=«tt. KsttsfflSifTuv^ss^mRwr^ci 
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«2 0~5 0 AgfS<fc**.6ft* (1212 (A) ) „ ffl, 

[0052] d©tt^tc43^T> use^i i tmmz 1 0 

0 p pm<D=.ytr)l&^l,fz.ffim.W.mi&$:5m IMT 
( 1 0 c mfcaS«CD»fr) 1"^o Sfc^CK. 7,tf^- 
T5 0 r pmt 1 0#CQXt°>n- h^ffV\ S-fSS® 

W^Lfc^tf±-*fflViT2 0 0 0 r Dm, 6 0g> 

:feV>T0 ~ 1 5 0 r pmCHIte^^tir^e.fT^EoTfc 
<£V>. (H2 (B) ) 

[0053] fits 5 os <mm&w&) , 4R?isik> 
»^Ms^*s-r^i(3=tD, *a«a*jK 1 2 wtesfl: 

(C) 2 4*ty^r;kWtt»#ASn«ftfl: 

^M^TaB-s. 7^*3 2 5 <Dmm.it. «§ U 1 1> $lW 
roj c jgajskB^fyfrtiT -a £ t^isis $ nt v > 5 „ 

[0 0 5 4] 2|t*J6«ijC*V»T, «^fKfWS: 

1 x l 0 IGatoms c m _3 ~ 5 x l 0 ISatoms c m~3 
OUfflrti-r-Sdi^W^bVn dftte, 1X10 16at 
oms cm-Z&TF<nmg.T*$>Z> £. ;i&a{t:£Wfi-r&»!)m 
Srff-Sdt^frf , 5X10 ISatoms c m-3^±WJS 

[0 0 5 5] £i._ki£~cfc afcfrfflCttffiiM&Sb 
[0 0 5 6] *5l»J(C*5^T(i. -u/^;U£#aHS 



[0 0 5 7] [H«J 3 ] *HM^J(i> ^M7t^TS-5 
[0 0 5 8] '&CDTM\t. 1 i/tttSS!E«iJ 2 C» 

[0 0 5 9] &>TM&1fi}fc4kft £lT, 

st-r*. z.<Dtm.\t, 7;>3-;hcbj»i?»»3. 

[0 0 6 0] yj^-jl/tLTUX^y-Mf 
^-h^x>y^;UC0*(C^L-T 1 0 0 p pmCfiSi 
[0 0 6 1] -t-LTd©»***SKa*IR±ca^T 

s. *aia*iu, ifefkasRwTftkBt (200 

0 K.W) im^tltz 1 0 0mm^cO**^X*«±lC 1 

0 0 0Affl(?3Ty7X*-7CVDffiTMU:t)OT* 
•5. 

[0 0 6 2] ±E*SKa*J8Lt^<0»flfioa*tt, H 
mm l ^*JfiW 2 o*»«*fflVifc«^-J; D . '>f=c< T 

^VidtCjgH-T-S. ^ClTtt, lOOmm^ffllil: 
^L. 2ml ©ITttS. 
[0 0 6 3] -eiT, uffl«lT5»P B mi-|i. t<D 

5 0 0 rpmTl^W$t§. dCD^ii, 5 50 
[0 0 6 4] [H»4] #3E8fi0i]«, ^M7t*Tft^. 

[0 0 6 5] *^»JI'43^T«, KtLTO. lmo 

1 / l (Dffim&Ri^Z. Z.<D^m<D^\Z-y f r)V(Dm& 

[0 0 6 6] CHM^J5] *H«Jlr43ViT«, HM^J 

2 cs-ri e> tc- v >r)i*mm\zm-\ l, -eogR^^ 
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co±d^ ffi&Xff £ L v £ 1" 3 ;i £ 

[0 0 6 7] *H»J^. 72J-J7'-?hW*(Dmm 

ISifctfrU TEOS (fh7-lK*y-->7» £ 

0 0 0 A©Kfca*<aTttUBt2 0 2 

[0 0 6 8] -E-bt, y^X^CVDftSfcBMflE^C 
VDftlCiot, J?£ 500-1500 A. #Jx.« 1 0 

o o AwKtt ( i m) <D#M,nmmm 203 Mg-r 

•5. ^{C^MWlcmS 500-2000 A. #iJA«l 0 
0 0 A<Z)S<t3l»&2 0 5 S^X^CVDfeCioT 

[0 0 6 9] IT, &fc&XK2 0 5 4i«Mi:Zy 

5p>^lx. #ikfnmm(DmihLfzMm o 6*»^-r 

[0 0 7 0] -tL,TlSaYk*ffiJfi-r**JR5t*T?**z: 

-T*. WKjaft+Cfctt^yy^Cfc&ttl 0 0 p p 
mt*5. -troffi, i¥«ffl^XSJHR^^#«H5£W2T 

Suiiao, *BI2 o 7*^en*. 

[0 0 7 1] iLCD^, **£ffl£LT-C4 5 0-6 0 0 

a*JBt3 0 3©iBaYt*ff5. ttlWfctt, -v>T)lt&. 
*K*«»bfcfiW«2 0 6*ttJ»jStbT. 5cEPX^2 

*. cro^r&j^ro^ft^fiti. 2 5 ymlgi!*^. 
*&*©iBftj&^fat;MW» (iii> W^ftx*^ 

£jWWS£ftTV»*. (0 3 (A) ) 
[0 0 7 2] VX*£bTtWJ6LT^«2ft&* 
^2 0 5*|^S-T^. ««2 0 6©*ffitC»fiJt 

a*i*K<kBtt>HRnci»*-ra. *lt, 111204 
g#i«2 0 8 *»j*-r*. 

[0 0 7 3] iCT, 0 3 (A) O2 0 6^nfcf 
T, ^llfiEWC&^Xtt. Stt® 2 0 8 C-jSHT. ZLft 



[0 0 7 4] y5X"7CVDft(Cj;l3. y-fh 

«aWR<tbT«tE-rs»ft:a*JK2 09*1000A© 
J*5t»fijfr*. (0 3 (B) ) 

[0 0 7 5] 3I*«EHT. >^/felCj;oT. 
J5S 3 0 0 0-8 0 0 0 A, Mtf 6 0 0 OAffl?;^ 
-^A (0. 0 1-0. 2 %<DXZ>>W&&'StS) £ 
fSitS. fLT, 7-;i/5-^A^*/t^-n>i7*b 
X. y-f Ftt®2 1 OSfltl.. (0 3 (C) ) 

[0 0 7 6] 3 uffl7)l/5-^AWiS©ai£ 

»«sm:l,t, mM\zm^mm2 1 1 ^® 

Mtffi2 1 O^RfrHiL-Tfri. f#6 
tl2>Mimm2 1 1CQJ¥£[±2 0 0 0 AT**. £43, 

5d£#X#5. (0 3 (D) ) 
[0 0 7 7] *CC. *f*>\* (^XVH- 
hf>i"*fc£t>H5) (C=fcoX. SteBfctt (V-X/F 

■fey-f h*«2 i ot^<Dmm<nm.{tm2 1 1 sttt;^ 
£lx, aeap&fl«)i:N#*®*##-r*^#i«i (c^ 

^ > (PH3 ) »jt«JE£6 0-9 0 kV, M 

^.«80kVtt5„ K-XIIJlxiOl5~8xi 0 
15 cm-2, 4xi0'5cm-2i:t5. d<Z)« 

Ng£PFM^i£2 1 2 £2 1 3^M2*a5. 0 
<E> feBJ <=>^& J; ? K^tt0MK*£y-'f httffi£ iSESt 
x£ttttftfc*7ty httlfctfcS. ft* 7 -fc 

yMWStt, «i:y-f FWStcSMJE (NftWTF 

**i"b^-5) SttHTS-hT^JKi-C**. 

sg^j^ct 5 c 7 ^ 5m ^ h u (Dmm zmms- % t 
f t K&^xfi&j? 7ii®f* ^# \zwmnm\z^m 

[0 0 7 8] -e-o^, U— ti-'-TtcoMWlCi^XTx- 
)l%fr?. V— y-*-7t£UX«, KrFX+-/Yl/-Hf 
— (II2 4 8 nm, /WZiB20nsec) €:fflVi-S> 
*», flfiOl^— !f-T»-3Tt)«tV>. l'~if-3t©HBSt* 
X*M-fS^2 0 0~4 0 0mJ/cm2 , 
^SJx.^2 5 0m J /cm 2 iU -*^lco#2-10 
->3-yh, «*«2->ay NBIWT*. CI WW— tf— 3t 
OH»t«plca«*2 0 0-4 5 CCSflEKJWftTSJli: 
iCi^X, SjaSrHJ^c-a-LftTfeJiti. (0 3 (E) ) 

[0 0 7 9] M^X. i¥$ 6 0 0 0Ao8fl^jMl2 1 

4 zmmtsmto t tx ^ 9 xv c v d s k <t o x^-r 
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oAcnmwmm&m ( i tod £j#«tu z.n^;^ 

[0 0 8 0] fLT, SW^*2 14. 2 1 5 l;n> 

><t7;i/5-^ACO#HM(Ci- 3 TTFTCO«ffi • ESg 
2 17, 2 1 8&Ml&-?Z>. l^JEc7)7R^ffl 
gv.T3 5 0t:, 3 Oftror^-^fx^. TFT?:ft 

(F) ) 

[0 0 8 1 ] mW&\ 6 ) *H»Jtt7 ? 5V 7V HJ 
[0 0 8 2] ElC&HT, 6 lt£#7 7.*l&T£>D, 6 

A'-TFT 7>WB $ tlT ^5fflAWH7l'/ ^ 6 
2TS)5. mmm$.6 3 £ K^-f A'— SUt6 2 £«|bJ- 

[0 0 8 3] H7-fA'-f«6 2l;li$n5TFTtt 
W3tHWR6 SKRBSttSTFTttiiSMtffi©* 

mm) 5&*4>fcvM$tta*&35£Sft.5. is^«^ 

6 3 (CE«$n^>TFTtt. 0 3{CS-fTFT£/8^-5 
[0 0 8 4] 



[EHKafflJUfc&gi] 

[SI] H^Jwig^T 

[0 2] *J6«»jroiS*ST. 

[0 3] H^JWf^lS^-To 

[0 4] H»J»}«/&£^t\ 

[^CDffii] 
1 1 • • ■ • H^T.WSl 
1 2 • • • • 

1 3 • • • • mt&mm 

1 4 • • • • riy^l'Sr^L.fcftKJS^ 

1 5 • • • • XtfT— 

2 1 .... ^SKbSSiM 

2 0 • • • • BMbi*J|Jt 
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